the protein bound cobalamin absorption test takes into account the release of cobalamin from protein as well. By doing so it probably shows an earlier and lesser degree of gastric atrophy than that found in pernicious anaemia that is nevertheless sufficient to lead to cobalamin deficiency. Relation between osmolality of diet and gastrointestinal side effects in enteral nutrition P P KEOHANE, HELEN ATTRILL, MARY LOVE, P FROST, D B A SILK Abstract One hundred and eighteen patients with normal gastrointestinal function were randomly allocated to one of three feeding regimens in a double blind study to determine the relation between the tonicity of the diet and gastrointestinal side effects related to the diet and to evaluate the efficacy of "starter" regimens in reducing gastrointestinal side effects during enteral nutrition. Patients received a hypertonic diet with an osmolality of 430 mmol (mosmol)/kg (group 1), the same diet but with the osmolality increasing from 145 to 430 mmol/kg over the first four days (group 2), or an isotonic diet (300 mmol/kg) (group 3). All diets were prepared aseptic- ally and administered by 24 hour nasogastric infusion. The mean daily nitrogen intake in group 1 was significantly greater (p <005) than that in both groups 2 and 3, and the mean overall daily nitrogen balance was significantly better (p <0 05) in group 1 than groups 2 and 3. The incidence of side effects related to the diet was similar in all three groups, but diarrhoea was significantly (p <0 001) associated with concurrent treatment with antibiotics.
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These findings show that undiluted hypertonic diet results in significantly better nitrogen intake and balance, that starter regimens reduce nutrient intake but not symptoms, and that diarrhoea is significantly related to treatment with antibiotics and not to administration of an undiluted hypertonic polymeric diet.
Introduction
Enteral feeding is widely used to provide nutritional support, and proprietary whole protein polymeric diets are recommended for patients with normal gastrointestinal function.' The effectiveness of this technique, however, may be limited by gastrointestinal side effects related to diet, particularly diarrhoea, which develop in up to 25% of patients.' 2 It has long been thought that administration of an undiluted hypertonic diet during the initial three to five days of nasogastric feeding may be a major factor in the pathogenesis of the side effects.3 Consequently, "starter regimens" are widely used, whereby the diet is diluted with sterile water and the concentration and tonicity are gradually increased, giving an adaptive period before the full strength diet is introduced.'-5 Not only is controlled evidence to support the value of starter regimens lacking, but dilution of the diet may reduce the quantity of nutrients infused during the first seven days of nasogastric feeding by up to 20%. Thus a starter regimen may appreciably impair the effectiveness of enteral nutrition, particularly as the duration of nasogastric feeding is often less than 10 days.1 2 6 We performed a double blind controlled trial to determine the relation between diet tonicity and gastrointestinal side effects and also to evaluate starter regimens as a method of reducing gastrointestinal side effects during enteral nutrition.
Patients and methods
One hundred and eighteen patients who, in the opinion of the nutritional support team, required nasogastric feeding as the sole source of nutritional support were entered into this study after we had obtained their informed consent. We excluded from the study patients in whom fluid intake was restricted to less than 2-5 1/day -for example, patients with cardiorespiratory or renal failure or the inappropriate antidiuretic hormone syndrome-and those with uncontrolled diabetes mellitus, diarrhoea, proved malabsorption, inflammatory bowel disease, or pancreatic or small-bowel disease associated with malabsorption or previous surgical resection. We also excluded the few patients with daily nitrogen losses greater than 17 g.
The 118 patients were randomly allocated to one of three feeding regimens (table I) . Forty patients (group 1) were prescribed a hyper- The diets were administered by continuous 24 hour gravity assisted infusion with a fine bore nasogastric tube (Clinifeeding system 1, Roussel Laboratories), 1-5 1 bags, and a standard giving set (Deltaset, Roussel Laboratories). All diets were prepared aseptically by the dietitian and stored at 4°C in ward fridges before use. 8 All patients were assessed daily by a member of the nutritional support team. Attendant medical and nursing staff as well as the patients were questioned about symptoms, and patients were requested to complete a questionnaire.2 This standardised scoring chart required patients to record the incidence, time course, and severity of hunger, abdominal discomfort, fullness, bloating, nausea, cramps, colic, or any other symptoms.2
For the purpose of this study the clinical definition of diarrhoea was alteration of bowel habit associated with passage of loose or frequent stools, or both, sufficient to be noticed by the patient or nursing staff.2 When diarrhoea developed three samples of stool and a sample of the enteral diet were cultured for pathogenic organisms.
The unpaired t test was used to compare the volume of diet infused, nitrogen intake, and nitrogen balance. The X2 test was used to assess the significance of the effect of antibiotics on the development of diarrhoea, and the significance of difference in percentages was used to compare the standard error of difference between percentages.
Results
Comparability of patient groups-Patients in all three groups were well matched for age, duration of starvation before the start of nasogastric feeding, underlying clinical diagnosis, and duration of enteral feeding (table II) . Outcome was similar in the three groups; roughly half of all patients returned to oral nutrition (table III) .
Nitrogen intake and balance- Table IV shows that total nitrogen losses were similar in the three groups but that nitrogen intake in groups 2 and 3 was significantly less (p <0 05) than that in group 1. Thus overall nitrogen balance in patients in group 1, who were receiving an undiluted hypertonic diet, was significantly better than overall balance in groups 2 and 3. Side effects related to diet-The incidence of nausea, bloating, and cramps was similar in the three groups (four patients in group 1 (10%), six in group 2 (15%), and six in group 3 (15%'); overall incidence 1355% (16/118)). Diarrhoea developed in 17 of the 118 patients (144%N) (two in group 1 (5%,), eight in group 2 (21%'), and seven in group 3 (18%/)). Influence of treatment with antibiotics-Thirty five patients received antibiotic treatment (ampicillin alone or in combination with flucloxacillin, gentamicin, or metronidazole) concurrently with nasogastric feeding; these 35 included all 17 patients who developed diarrhoea. Of the 83 patients who did not receive antibiotics, none developed diarrhoea. Thus treatment with antibiotics was significantly (p <0-0001) associated with the Occurrence: of diarrhoea during enteral feeding.
Volume of diet administered-Overall the patients did not receive the entire daily diet prescribed. Patients in group 1 received a mean of 1768 (SD 11) (range ) ml/day, those in group 2 1449 (28 6) (657-1800) ml/day, and those in group 3 1759 (32 9) (1340-2223)/day of their respective diets. This represents 93%/ of the diet prescribed for patients in group 1 (table V) but only 760o of that prescribed for patients in group 2 and 6700 of that prescribed for patients in group 3 (p <0 05). 
Discussion
This study shows that an undiluted hypertonic polymeric diet does not increase the incidence of gastrointestinal side effects related to the diet in comparison with either diluted starter or isotonic regimens. Moreover, this diet resulted in significantly better nitrogen intake and balance.
The use of diluted starter and isotonic regimens is based on the hypothesis that a high osmolar load is a major factor in the pathogenesis of diet related symptoms. Uncontrolled data supporting this assertion were derived from the use of blended "home brew" diets with an osmolality of up to 1200 mmol (mosmol)/kg and a sodium content of up to 80 mmol(mEq)/l, infused in 500 ml boluses into the stomach or jejunum.3 Appreciably different techniques are now used to formulate, prepare, and administer diets. Generally, as in this study, a sterile liquid diet with a sodium content of roughly 40 mmol/l and an energy content of 4-18 MJ/l (1 kcal/ml) is administered by 24 hour constant nasogastric infusion, resulting in a low volume and solute load. Recent work has shown appreciable differences in the gastric emptying of liquid test meals administered by the two techniques. After administration of a liquid bolus an early, uncontrolled emptying phase occurs,'0 11 during which the diet may reach the ileum."' Only subsequently is a steady emptying rate achieved.'0 In contrast, a constant infusion as used in the present study results in controlled steady state emptying from the outset. Recent data suggest that control of gastric emptying is subsequently regulated by the energy content, not osmolality, of gastric contents." 12 These findings suggest that there are several mechanisms for symptoms that develop after bolus infusion of a hypertonic diet and also for the relative-lack of significance of hypertonicity when the 24 hour infusion technique is used. We emphasise, however, that the results of this study are valid only in relation to polymeric diets administered by 24 hour infusion into a normal stomach. Previous suggestions that concurrent treatment with antibiotics might be implicated in the pathogenesis of diarrhoea related to enteral feeding1 2 are confirmed by our study. The incidence of diarrhoea was higher than that expected with treatment with ampicillin alone (6-12%),13 but the mechanism is still not clear, previous studies having been unable to implicate Clostridium difficilel or the lactose content of the diet.2
The disparity between the diet prescribed and the diet administered is interesting. This has been observed in other studies and has been related to the volume of the diet reservoir used and nursing workload.14 In the present study identical equipment was used to administer the diet in all patients and instructions regarding the volumes of diet to be infused were given daily by the dietitians. Unauthorised reduction of the rates of infusion of the diet occurred in several patients in group 2 after the onset of diarrhoea. In patients receiving the isotonic diet (group 3) persistent failure to infuse all of the larger volume of prescribed diet was the major factor in reducing nitrogen intake.
In conclusion, the results of this study show that use of an undiluted hypertonic polymeric diet results in significantly better overall nitrogen balance and that use of either a starter regimen or an isotonic diet reduces nutrient intake but not symptoms. Diarrhoea is significantly related to concurrent treatment with broad spectrum antibiotics and not to administration of full strength hypertonic polymeric diets.
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